Virus was isolated from the AAV-293 cells 48 hr later by scraping the cells into 1 ml medium followed by three rounds of freeze/thawing using liquid nitrogen. Targeting vectors used for this study include rAAVArtemis exon 2 Neo, rAAV-Artemis exon 2 Puro, rAAV-Artemis exon 2 KI SEPT-Neo, rAAV-HPRT-Exon 3 Neo, and rAAV-CCR5 exon 3 Neo.
In order to knock out Artemis in HCT116 cells, rAAV-mediated gene targeting was performed using the rAAV-Artemis-Exon2-Neo virus to remove exon 2 of the Artemis gene. Three positive clones (#34, #48 and #168) were identified from 167 first round clones resulting in a relative gene targeting frequency of 1.8%. Once the correctly targeted clones (Artemis flox:NEO/+ ) were identified, the floxed neomycin selection cassette was removed from clones #34 and #48 using Cre recombinase. Briefly, the cells were transfected with the PML-Cre plasmid using Lipofectamine LTX after which they were plated at limited dilutions onto 10 cm dishes and allowed to form colonies. Altogether, a total of four G418-sensitive clones were recovered from each first round targeted clone. A G418-sensitive sub-clone (Artemis -/+ ) from clone 34 (34.16) was then subjected to a second round of targeting using the rAAV-Artemis-Exon2-Neo virus. Thirteen clones from a total of 8 X 96-well plates were identified as being correctly targeted for a targeting frequency of 1.6%. Another round of Cre treatment was then performed on one of these clones 2-12H1 to remove the second neomycin drug selection cassette. These clones were putatively Artemis-null, however, upon further examination it was determined that exon two of Artemis still remained on what was thought to be a third allele. Consequently, a third round of gene targeting was then performed on a neomycin sensitive sub-clone 2-12H1 Cre1 using a rAAV-Artemis-Exon2-Puro virus. Four correctly targeted clones of 90 were identified resulting in a relative gene targeting frequency of 4%. Two of these clones, 18.1 and a Cre-treated sub-clone of 15.1 Cre1, were used for the subsequent characterizations described in this study. It was later discovered that the first round targeted Cre-treated clone 34.16 was actually a randomly targeted clone, therefore, both Artemis-null clones (15.1 and 18.1) each contain a randomly-integrated Cre'd Artemis vector within their genome.
Complementation of the Artemis -/-15.1 Cre1 cell line was accomplished using the rAAV-Artemis-SEPT-Rox-Neo virus as described. A total of 2 out of 12 clones were confirmed to be correctly targeted and had incorporated exon 2 of Artemis resulting in a relative targeting frequency of 16.7%.
TDP1 Knockdown:
For the expression of a TDP1 shRNA, the pLSLP lentiviral vector, a distant relative of the pLV vector containing an RNA polymerase III-driven H1 RNA promoter controlling the expression of a small hairpin RNA (shRNA) transcript and harboring the puromycin N-acetyl transferase (pac) gene conferring resistance to puromycin was used (19). Phosphorylated oligonucleotides with sequences 5′-
GATCCGGTGATAAGCGAGAGGCTAACTTCGTGTCATTAGCCTCTCGCTTATCACTTTTTG-3′ and 3′-
GCCAGTATTCGCTCTCCGATTGAAGGACAGTAATCGGAGAGCGAATAGTGAAAAACTTAA-5′ were annealed at a 1:1 ratio in annealing buffer (10 mM Tris, pH 7.5, 50 mM NaCl, 1 mM EDTA) by heating the mixture at 95°C for 5 min followed by cooling of the mixture at a rate of 1°C/ min and stored at 4°C. The lentiviral pLSLPw backbone construct was restriction enzyme digested using BamHI and EcoRI, dephosphorylated and gel purified. The annealed oligomers were ligated in the digested lentiviral construct.
This vector expresses a hairpin that targets the sequence GUGAUAAGCGAGAGGCUA (bases 20300-20319 in exon 6 of the TDP1 gene, GenBank #NG009164). shTDP1 lentiviral constructs were transfected into HEK293T cells along with packaging plasmids pLP1 and pLP-VSVG using a calcium phosphate method. Supernatant containing packaged lentiviral particles was collected, centrifuged at 1200 RPM at room temperature (RT). The viral supernatant was then collected and stored in 1 mL aliquots at -80°C.
HCT116 WT and HCT116 Artemis -/-cells were seeded at 75% confluency in 6-well plates and incubated for 24 hr. The medium was aspirated, cells washed with PBS, incubated with 1 mL of the lentiviral stock in the presence of 4 µg/mL polybrene overnight on a rocker at 37°C in 5% CO2. The viral supernatant was removed and cells were fed with fresh medium containing 0.8 µg/mL puromycin and selected for 4 days.
Cells from each genotype were expanded under selection and cryogenic stocks were stored. Genomic DNA was extracted from a fraction of selected cells using QIAGEN DNeasy Blood and Tissue kit and DNA concentration was measured. 1 µg genomic DNA was used as a template in a 50 µL PCR reaction for the amplification of the puromycin resistance gene using forward primer: 5ʹ-CGAGTACAAGCCCACGGT-3ʹ and reverse primer: 5ʹ-AGACCCTTGCCCTGGTG-3ʹ (synthesised by IDT) and analyzed on a 1% Agarose gel.
Using dilution cloning, 5-25 cells from the derivative cell lines were seeded in 15 cm dishes and allowed to form colonies. Single cell clones were harvested using cloning towers and expanded under selection. The selected single-cell clones were analyzed for knockdown efficiency using a TDP1 activity assay.
TDP1 Activity Assay
Cells (2 X 10 6 ) from each derivative cell line were collected using trypsinization and centrifuged at 1200 RPM for 5 min at room temperature (RT). The cell pellet was washed once in 1X PBS and treated with lysis buffer (10 mM HEPES at pH 7.8, 60 mM KCl, 1 mM EDTA, 0.5% NP-40) in the presence of 2 mM serine protease inhibitor phenylmethanesulfonyl fluoride (PMSF), 1 mM NaVO4, 1 µg/mL leupeptin, 1 µg/mL aprotinin and 1 µg/mL pepstatin, vortexed until the pellet was disrupted, incubated on ice for 10 min and centrifuged at 13000 RPM for 5 min at 4°C. The supernatant ("cell extract") was collected and serially diluted in dilution buffer (50 mM Tris at pH 8.0, 5 nM DTT, 100 mM NaCl, 5 mM EDTA, 10% glycerol, 500 µg/mL BSA). Serial dilutions of 1 µL of the extract was incubated with 100 attomoles of an 18-base 5′-Cy5 labelled 3′-phosphotyrosyl oligonucleotide with sequence TCCGTTGAAGCCTGCTTT (18Y) (Midland Certified Reagents Midland, TX) in 1X reaction buffer (60 mM KOAc, 10 mM MgOAc, 50 mM triethanolamine-HAc pH 7.5, 2 mM ATP, 1 mM DTT) in total 5 µL reaction volume and incubated at 37°C
for 1 hr, denatured at 95°C for 5 min and separated on 20% denaturing polyacrylamide sequencing gels by electrophoresis for around 4 hr at 42 V/cm. Gels were then imaged on a Typhoon 9410 Variable Mode
Imager (GE Healthcare) in Fluorescence Acquisition mode with a Cy5 Emission filter using a Red (633 nM)
laser at PMT of 800 V and analyzed on ImageQuant 5.1 software.
Flourescence In Situ Hybridization:
Cells were seeded in 6 cm dishes and allowed to grow to ~50-60% confluency. Cells were treated with 1mM caffeine followed by 2 nM NCS treatment for 6 hours. 4 hours into NCS treatment, cells were treated with 1 μg/mL colchicine for 2 hr. After 6 hr NCS treatment, cells were collected by trypsinization, washed with PBS and swollen in 75 mM KCl for 10 min at 37°C, then centrifuged and fixed with ice-cold Carnoy's fixative (3:1 methanol:glacial acetic acid) for 10 min. Samples were centrifuged and washed twice with methanol/acetic acid. Cells were dropped onto ethanol-cleaned cold slides and dried overnight. Slides were dehydrated by immersing for 2 min each in 70%, 90% and 100% ethanol followed by baking at 65°C for 10 min, washing in acetone for 10 min and air drying. Slides were treated with 100 μg/mL RNase A in 2XSSC under a parafilm coverslip for 30 min at 37°C then washed for 5 min in 2XSSC and for 10 min in PBS, dehydrated in an ethanol series and allowed to dry. Chromosomes were denatured by immersing in 70%
formamide / 2XSSC (pH =7) for 2 min at 75°C and then in ice-cold 70% ethanol for 2 min. Slides were again dehydrated in an ethanol series, dried and then 20 μL of 200 nM Cy3-labelled PNA CENP-B probe (PNA Bio -F3002) in hybridization buffer (20 mM Tris, pH 7.4, 60% formamide, 0.1 µg/mL salmon sperm DNA) was added. Slides were covered with a 24 mm X 50 mm coverslip and allowed to hybridize for 2 hr at 37°C in dark. Slides were then washed in 2XSSC for 5 min at 37°C, three changes of 0.5×SSC / 0.3% NP-40 for 10 min at 55°C, two changes of 2XSSC / 0.1% NP-40 for 5 min at 22°C, and finally in 2XSSC for 5 min at 22°C. The washed slides were dried and counterstained with Vectashield mounting medium containing DAPI (Vector Laboratories) under a coverslip and was sealed with nailpolish. Metaphases were then imaged using a Zeiss LSM700 Confocal Microscope as described. All washes were performed in 50-mL glass Coplin jars. 
